Assessing the Adhesion and Cytopathic Effects of

Bordetella

Pertussis In an In Vitro Human Airway Epithelial Tissue Model

Rui Xiong 1, Yue Wu?, Xuefei Cao 1, Levan Muskhelishvili 3, Kelly Davis 3, Kelsey Gregg 4, Tod Merkel 4, Robert H Heflich 1

IDivision of Genetic and Molecular Toxicology,

3Toxicologic Pathology Associates, Jefferson, AR 72079,

Drug Administration, Silver Spring, MD 20993

Abstract

Bordetella pertussis is a Gram-negative bacterium and the major pathogen
responsible for whooping cough in humans. The recent resurgence of

Materials and Methods

A ALl cultures were established from normal human bronchial epithelial
cells (MatTek, Ashland, MA) using the PneumaCult™-ALlI medium Kit
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Results and Discussion

B. pertussisnducedcytotoxicity and

morphological changes in the ALI cultures
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cytoplasmic vacuolization after exposure of ALI cultures to both the wild -

type and bvg-mutant bacteria. Cytokine profiling further revealed
Infection -specific changesin chemokine secretion following infection with
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staining tissue sections with H&E or labeling tissue sections for
antibodies specifically recognizing B. pertussis antigen (Dxdiscovery,
Reno, NV). Images were taken using 40 x magnification .
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Despite high vaccination coverage,large outbreaks of whooping cough have
occurred in the US since 2004, with the number of pertussis cases
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was considered statistically significant compared to the corresponding

the bvg-mutant bacteria infected cultures.

Changes Iin key chemokines secretion following infection withpertussis
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via various virulence factors. There are two types of pertussis vaccines,i.e., W
whole-cell vaccinesand acellular vaccines,with the latter being more widely . -. -

used in high income countries due to fewer side effects. Results from the oL A NbVvgAS

baboon model of pertussis, however, indicate that the acellular vaccines , .’..-..-!o..“.ﬁ?‘,.% B a
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currently licensed in the US, while preventing disease, fail to prevent

pertussis colonization and transmission. This highlights the need for
Improved vaccinescapable of not only inducing long-lasting immunity and
preventing disease,but also to prevent colonization and transmission.
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Figure 4. Heatmap shows the log2 fold change of 38 chemokines at 10 dpi with either the wild-type or bvg-mutant B. pertussis at MOI 50.

Conclusion

U In this study, we evaluated a comprehensive panel of endpoints in the ALI airway model relevant to many of the common pathophysiological features
of respiratory diseases,including alterations in cilia function, epithelial integrity, mucin secretion, cytokine release,and tissue remodeling. Exposure of
the ALI cultures to wild -type B. pertussis induced functional alterations (i.e., ciliostasis and the destruction of tight junctions) that are similar to those
observedin the tracheobronchial epithelium of patients with pertussis. Cytokine profiling further revealedthe modulation of key chemokines secretion
might be tightly associated with B. pertussis-induced aberrant tissue remodeling (i.e., epithelial hyperplasia and cytoplasmic vacuolization) in ALl
cultures.

Well-differentiated human bronchial epithelial cultures, grown at the air- | ;/ ////\/, | ) L § o ] cuncn
liquid interface, have many of the structural and functional features of in =/ I \\' - |

vivo ciliated airway epithelium . Thus, this in vitro model may provide a /f ;lf\/ \\S
biological platform for understanding host-pathogen interactions in the s —
human respiratory system (Fig. 1). In this study, we aim to use the ALI
alrway tissue cultures to Investigate respiratory pathogen (such as B.
pertussis) induced airway tissue responses, including changes in
morphology, cilia beating frequency, Iinflammation and tissue repair
functions, results of which may support its application as an alternative,
advanced pre-clinical model for studying airway pathogens and potential
for evaluating the efficacy of vaccines

Figure 1. Hypothetical schematic representation of B. pertussis attachment U
to ciliated ALI airway tissue models.

Findings from this project support the use of the in vitro human airway tissue model as a pre-clinical tool for evaluating the safety and efficacy of
antimicrobial treatments for pertussis.



